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Abstract

Background and Aims: Decompensated cirrhotic patients 
with hepatitis C (HCV) are often under-represented in clinical 
trials. We aimed to evaluate pooled data on the efficacy and 
safety of sofosbuvir (SOF)-based regimens in these patients. 
Methods: We conducted a systemic review and meta-anal-
ysis by searching multiple databases for studies published 
from October 2010 to October 2020. Outcomes of interest 
were sustained virologic response (SVR) and safety of SOF-
based regimens in decompensated HCV patients. Two review-
ers independently performed the study selection and data 
extraction. Results: We included 33 studies that enrolled 
5,302 HCV patients. The pooled SVR rate in decompensat-
ed patients with SOF-based regimens was 85.1% (95% CI: 
82.8–87.3). Patients on SOF/velpatasvir±ribavirin achieved 
a significantly higher SVR (91.0%, 95% CI: 87.7–93.9) than 
that of SOF/ledipasvir±ribavirin [(86.3%, 95% CI: 84.6–
87.8); p=0.004)], or on SOF/daclatasvir±ribavirin (82.4%, 
95% CI: 78.2–86.2%; p<0.001). Adding ribavirin to SOF-
based regimens (pooled SVR 84.9%, 95% CI: 81.7–87.9) did 
not significantly increase the SVR [(83.8% (95% CI: 76.8–
89.8%; p=0.76)] in decompensated patients, which was also 
true in subgroup analyses for each regimen within the same 
treatment duration. However, adding ribavirin significantly in-
creased the frequency of adverse events from 52.9% (95% 
CI: 28.0–77.1) to 89.2% (95% CI: 68.1–99.9) and frequen-
cy of severe events. The pooled incidence of hepatocellular 
carcinoma and case-fatality of decompensated patients were 
3.1% (95% CI: 1.5–5.0) and 4.6% (95% CI: 3.1–6.3), re-
spectively. The overall heterogeneity was high. There was no 

publication bias. Conclusions: The analysis found that 12 
weeks of SOF/velpatasvir without ribavirin is the preferred 
therapy, with a significantly higher SVR compared with other 
SOF-based regimens in decompensated HCV patients.

Citation of this article: Zhang W, Zhang J, Tang S, Liu Y, 
Du X, Qiu L, et al. Efficacy and Safety of Sofosbuvir-based 
Regimens in Hepatitis C Patients With Decompensated Cir-
rhosis: A Systematic Review and Meta-analysis. J Clin Transl 
Hepatol 2022. doi: 10.14218/JCTH.2022.00006.

Introduction

The main cause of chronic liver disease is hepatitis C virus 
infection, with significant morbidity and mortality.1 Messina 
et al.2 observed that the disease burden based on seroprev-
alence had increased globally in the last 15 years. About 
700,000 people die each year from complications associ-
ated with chronic hepatitis C infection that can lead to fi-
brosis, cirrhosis, and hepatocellular carcinoma (HCC).3,4 As 
interferon-based regimens are not suitable for patients with 
decompensated liver cirrhosis because safety concerns, the 
new generation of direct-acting antiviral (DAA) agents in-
cluding sofosbuvir (SOF), ledipasvir (LDV), and daclatasvir 
(DCV) offer new hope for this special population.5 Achieving 
a sustained virologic response (SVR) is the current goal of 
the treatment of patients with HCV, defined as the inability 
to detect HCV RNA in plasma or serum by sensitive mo-
lecular testing after 12 (SVR12) or 24 (SVR24) weeks of 
treatment.6 High SVR rates and the favorable safety profile 
of DAA therapy in HCV patients with compensated cirrhosis 
have led to widespread recommendation of DAA treatment 
in HCV patients with decompensated disease, particularly 
those on transplant waiting lists and with relatively low 
Model For End-Stage Liver Disease scores.7–10

Guidelines of professional groups including the American 
Association for the Study of Liver Diseases (AASLD), Infec-
tious Diseases Society of America (IDSA), and the European 
Association for the Study of the Liver (EASL) recommend 
the use of sofosbuvir (SOF)-based DAA regimens for HCV 
patients with liver decompensation. These therapies include 
the use of SOF and velpatasvir (VEL), ledipasvir (LDV), or 
daclatasvir (DCV) plus ribavirin (RBV). Health care providers 
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should take the HCV genotype in the individual patient into 
consideration when selecting the regimen.6,11 Because of 
serious concerns associated with drug concentrations and 
the related risk of toxicity in patients with decompensa-
tion, DAA regimens containing protease inhibitors (e.g. gra-
zoprevir, voxilaprevir, or glecaprevir) should be avoided in 
Child-Pugh B or C patients with decompensated cirrhosis.12 
However, data on the comparison of the three aforemen-
tioned SOF-based regimens that would assist in selecting 
individualized treatment for such patients are limited. As 
SOF/VEL, is a pan-genotypic regimen that can be used to 
treat patients who have a genotype indication for SOF/LDV 
or SOF/DCV, comparison of the efficacy and safety of those 
regimens are needed to guide treatment decisions. Sev-
eral recent cohort studies and randomized controlled trials 
(RCTs) of SOF-based DAA therapy without ribavirin have 
included HCV patients with decompensated liver disease. 
There is growing interest in investigating whether ribavirin 
can be removed from the regimens in this special population 
because of the high frequency of adverse events (AEs).13 
However, data from individual studies is limited. With that 
in mind, we designed a meta-analysis to analyze pooled 
outcomes on the efficacy and safety of SOF-based regimens 
for HCV patients with decompensated cirrhosis. We com-
pared the SVR and AEs of the regimens and assessed the 
pooled SVR benefits and AEs when adding ribavirin to the 
DAA treatment in the patients.

Methods

Our systematic review and meta-analysis followed a proto-
col developed by authors CP, HBY, and JZ and the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.14 The search strategy, eligibility crite-
ria, and outcomes were registered on the PROSPERO web-
site (CRD42020149072).

Eligibility criteria

The current review included controlled or comparative stud-
ies that enrolled HCV patients with decompensated cirrhosis, 
which was defined with Child-Pugh scores ≥7 points, or as-
cites, hepatic encephalopathy, upper gastrointestinal hemor-
rhage in the combination of fibrosis stage 4 within 6 months 
before the start of DAAs treatment. Additional eligibility crite-
ria included: (1) study patients who had received SOF-based 
DAA regimens and reported outcomes that included SVR, 
treatment-associated AEs, and the incidence of HCC, death, 
and liver transplantation; (2) journal articles and meeting 
abstracts published in English and other languages; (3) in-
clusion of at least 20 adult patients ≥18 years of age.

We excluded studies that met one of the following crite-
ria: (1) enrollment of patients who received protease in-
hibitors; (2) treatment with only SOF or SOF combined with 
ribavirin; (3) inclusion of >5% of patients with coinfection 
of another hepatitis virus such as hepatitis B, delta or HCC, 
4) lack of measurement of SVR; (5) in vitro or animal stud-
ies; and 6) lack of reported safety data. If two or more stud-
ies included the same cohort of patients, the most recent 
one was selected for review to avoid the analyses of the 
duplicated data.

Search strategy

We comprehensively and systematically searched PubMed, 
the Cochrane Central Register of Controlled Trials, Embase, 
MEDLINE, and Web of Science without language restrictions 

from October 2010, which is the time of the first publica-
tions on SOF DAA treatment to October 2020. The search 
terms were “liver cirrhosis” and “Child’s C, or Child C, or 
decompensated, or Child-Pugh C” and “Hepatic cirrhosis, or 
cirrhosis, or liver,” and “sofosbuvir.” Supplementary Table 1 
summarizes the search strategy for PubMed and the other 
databases. We also looked at the reference lists for relevant 
abstracts and original research articles.

Study selection and data extraction

Two reviewers independently reviewed the titles and ab-
stracts of the retrieved articles. Articles were selected for 
data extraction following review of the full text publications. 
Disagreements were reconciled by the consensus of the cor-
responding authors. For each article, two reviewers inde-
pendently extracted data in duplicate using a pretested and 
standardized form. A third reviewer compared the content 
and discrepancies of the extracted data. The corresponding 
authors resolved inconsistencies by reviewing the full text 
of the articles. The extracted data were the name of first 
author, study type, year of publication, study country, study 
design, patient clinical characteristics: age, sex, body mass 
index, care setting, HCV RNA level, and renal function sta-
tus), the severity of liver disease (Child-Pugh A/B/C), his-
tory of previous treatment for hepatitis C (treatment-naïve 
vs. treatment-experienced), reasons for liver transplanta-
tion before antiviral therapy (HCC non-LT vs. HCC/LT), HCV 
genotype, DAA regimen and treatment duration, efficacy, 
and safety outcomes. If the missing data in the article was 
not housekeeper data, we ignored it.

Assessment of outcomes

Our interests in outcomes included the treatment efficacy 
of SOF-based regimens assessed by SVR at 12 or 24 weeks 
after completion of treatment; the safety outcomes such as 
the frequency and percentage of AEs determined by the per-
centage of patients who had AEs that occurred after receiv-
ing treatment, particularly severe adverse events (SAEs) 
such as death, life-threatening conditions, permanent or se-
vere disability that resulted in the patient being hospitalized, 
requiring extended hospital stay, or developing HCC.

Assessment of the study quality and risk of bias

Two reviewers independently evaluated the quality of each 
study. The risk of publication bias in randomized studies 
was evaluated using tools from the Cochrane Collabora-
tion.15 In each domain, studies was classified as having “low 
risk,” “unclear risk,” or “high risk” of bias. The risk of bias 
for observational studies was assessed using the modified 
Newcastle-Ottawa scale (NOS),16 which includes three di-
mensions: participant selection (maximum 4 points), com-
parability (maximum 2 points), and exposure or outcomes 
of study participants (maximum 3 points); Based on overall 
scores, studies were classified as high (≥7), fair (4–6), or 
low quality (≤4).

Statistical analysis

We performed a meta-analysis of the data using the meta 
and forest plot packages in R Statistics (3.6.1). The pooled 
SVR12 data were analyzed for efficacy outcomes. Subgroup 
meta-analyses of SVR12 were performed with stratification 
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by treatment regimen, HCV genotype, treatment duration, 
treatment location, and decompensated liver cirrhosis. As 
the SVR rates in the majority of studies approached 100%, 
we performed a Freeman-Tukey double arcsine transfor-
mation of the combined values to stabilize the variance.17 
Meta-regression was used to find difference in SVR rates 
between the two subgroups, and 95% confidence intervals 
(CIs) were calculated. The output the of meta-regression 
was back-transformed, and the difference between the in-
tercept and estimate of the relevant variable was calcu-
lated. Safety data were pooled, and the analysis includ-
ed the AEs, SAEs, HCC, and case-fatality rates. We then 
calculated the weighted difference and the pooled effect 
size using random-effect or fixed-effect models. To meas-
ure the overall heterogeneity across the included studies, 
we used the Cochrane Q test and I2 statistic, where an I2 
value >50% or a Cochrane Q test p-value of <0.1 indicated 
significant heterogeneity. If heterogeneity was high, the 
random-effect model was used, otherwise a fixed-effect 
model was used. We used sensitivity analysis to explore 
the impact of individual studies on the overall results, de-
leting each study in turn to observe and evaluate whether 

the results of the remaining studies differed significantly. 
Publication bias was assessed by Egger’s Regression asym-
metry test and funnel plots, with p<0.05 considered sta-
tistically significant.

Results

A total of 1,915 studies were identified in the initial search 
of the electronic databases. Of those, 33 articles met the 
inclusion criteria; the others were excluded. Sixteen were 
prospective cohort studies, nine were RCTs, and eight were 
retrospective analyses. Figure 1 shows the selection pro-
cess and reasons for exclusion.

Study characteristics

A total of 6,976 adult patients with HCV-related cirrhosis 
were enrolled in our meta-analysis. The characteristics of 
the included studies are summarized in Table 1.18–50 Studies 

Fig. 1.  Flow diagram of study selection. 
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published from 2015 to 2020 included 5,302 HCV patients 
with decompensated and 1,674 with compensated cirrhosis. 
However, the enrollment of study patients in those studies 
could have been before 2015. The majority of patients were 
Caucasian. The treatment regimens were SOF/VEL, SOF/
LDV, and SOF/DCL for t 12 to 24 weeks. Ribavirin was added 
to the regimens in 28 studies. All RCTs were considered to 
be high quality studies based on the methods of randomiza-
tion and allocation concealment, and were found to have 
low risk of bias in terms of attrition, outcome reporting, and 
detection. Of 24 nonrandomized cohort studies, 22 had NOS 
scores ≥7 and were considered to be of high quality. The 
remaining two studies were of medium quality with scores 
of 4–6 points. Comprehensive evaluation of the risk of bias 
is shown in Supplementary Table 2.

Overall treatment outcomes of patients with decom-
pensated cirrhosis

The treatment of cirrhotic patients with HCV with the afore-

mentioned DAA regimens yielded high cure rates. The 
pooled SVR12 rate for all 5,302 patients with decompensat-
ed hepatitis C cirrhosis in the 33 studies was 85.1% (95% 
CI: 82.8–87.3). The random-effect model was used in the 
analysis because the I2=74% (χ2=0.0048, p<0.01). The 
forest plots of SVR12 rates are shown in Figure 2. For com-
parison of pooled SVR rates in HCV patients with cirrhosis at 
the compensated versus decompensated stages, we com-
piled the SVR data from 14 studies including 1,674 patients 
with compensated cirrhosis and 5,302 with decompensated 
cirrhosis (Fig. 3). A significantly higher pooled SVR rate was 
found in the compensated group [95.8% (95% CI: 94.0–
97.3) vs. 85.1% (95% CI: 82.8–87.3); p<0.001)] (Sup-
plementary Fig. 1). In a meta-regression model, the pooled 
SVR rate of patients with decompensated cirrhosis treated 
with DAA was 10.1% (95% CI: 6.6–13.6) lower than that of 
patients with compensated cirrhosis.

When we analyzed the two groups following stratification 
by DAA regimen (Fig. 3, Supplementary Table 3), The pooled 
SVR rates remained significantly lower in the decompen-
sated patients who received SOF/LDV±RBV [86.6% (95% 

Fig. 2.  Forest plots of SVR12 rates of all hepatitis C patients with cirrhosis. The dotted vertical line and the diamond show the summary effect (random-effect 
model); outer edges show the 95% confidence intervals (CIs). SVR, sustained virologic response.
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CI: 85.3–88.0) vs. 97.5% (95% CI: 94.8–99.4); p<0.001)] 
(Supplementary Fig. 2), or SOF/DCL±RBV [82.4% (95% 
CI: 78.2–86.2) vs. 95.3% (95% CI: 92.8–97.4); p<0.001)] 
(Supplementary Fig. 3). When compared with patients with 
compensated cirrhosis, decompensated cirrhotic patients 
had a significantly lower pooled SVR rate [10.14% (95% 
CI: 5.8–16.4) with SOF/LDV±RBV and 12.0% (95% CI: 
6.7–17.2)] with SOF/DCV±RBV. The combined SVR rates 
were similar in both groups (compensated vs. decompen-
sated) when patients received SOF/VEL±RBV [93.2% (95% 
CI: 83.4–99.1) vs. 90.3% (95% CI: 88.1–92.2); p=0.52)] 
(Supplementary Fig. 4).

Subgroup SVR analysis by DAA regimens in decom-
pensated patients

Further analysis with stratification by DAA regimen indi-
cated that SOF/VEL±RBV had a significantly higher SVR12 
rate than those of other regimens in decompensated cir-
rhotic patients. Nineteen of the 33 studies included a total 
of 2,805 patients with decompensated cirrhosis who were 
treated with SOF/LDV±RBV. Nineteen included 1,615 with 
decompensated cirrhosis and treated with SOF/DCV±RBV, 
and eight included 882 patients with decompensated cir-
rhosis treated with SOF/VEL±RBV. The pooled SVR rates 
(Fig. 4) of HCV patients decompensated cirrhosis treat-
ed with SOF/VEL±RBV was 91.0% (95% CI: 87.7–93.9), 
which was significantly higher than that of patients treat-
ed with SOF/LDV±RBV [(86.3% (95% CI: 84.6–87.8)] or 
SOF/DCV±RBV [82.4% (95% CI: 78.2–86.2)] (Supple-

mentary Fig. 5). In the meta-regression model, patients 
treated with SOF/VEL±RBV had 8.3% (95% CI: 2.1–14.5) 
and 6.4% (95% CI: 3.2–9.8) higher SVR rates than pa-
tients treated with SOF/DCV±RBV and SOF/LDV±RBV, re-
spectively.

The impact of ribavirin on SVR in decompensated pa-
tients

To analyze the effect of ribavirin on treatment outcomes in 
HCV patients with decompensated cirrhosis, we compared 
the pooled SVR rates of 1,010 who received SOF-based 
DAA without RBV and 1,658 with RBV. In the meta-regres-
sion analysis (Fig. 5), the SVR rates in patients treated 
with RBV [83.8% (95% CI: 76.8–89.8)] and without RBV 
[84.9% (95% CI: 81.7–87.9)]; were not significantly dif-
ferent (p=0.76) (Supplementary Fig. 6). Subgroup analysis 
of different DAA regimens found that at both 12 versus 24 
weeks of treatment, the effectiveness of achieving SVR was 
similar with or without use of RBV. The pooled data indi-
cated that when the three regimens (SOF/LDV, SOF/DV, or 
SOF/VEL) were compared, differences in the enhancement 
of the SVR rate with the addition RBV to each therapy after 
12 or 24 weeks of treatment were not significant. All regi-
mens had similar pooled SVRs in this special population. 
Among those who received SOF/VEL, adding RBV (n=170) 
did not significantly increase the SVR rate compared with 
the patients (n=449) treated without RBV [90.0% (95% 
CI: 80.3–96.8) vs. 91.5% (95% CI: 86.5–95.5); p=0.70] 
(Supplementary Fig. 7).

Fig. 3.  Treatment outcomes of patients with compensated versus decompensated cirrhosis. Horizontal bars are 95% confidence intervals (CIs) The box size 
indicates relative sample size. Two-tailed p-values <0.05 are significant (meta-regression).

Fig. 4.  SVR12 rates of patients with decompensated cirrhosis on different regimens. Horizontal bars are 95% confidence intervals (CIs); box size indicates 
relative sample size. (n=36). Two-tailed p-values <0.05 are significant (meta-regression).
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Overall safety outcomes of DAA therapy in decom-
pensated patients

Of the 33 studies reviewed, 8/33, 15/33, 7/33, and 16/33 
studies that reported safety data in terms of AEs, SAEs, 
HCC, and case-fatality in the total of 1,141, 2,547, 1,433, 
and 2,832 study patients, respectively (Fig. 6). The over-
all heterogeneity across the studies of the four safety out-
comes was high, with an I2 of >50% for each assessment. 
A random-effect model was used for the analysis of AEs, 
SAEs, HCC, and case-fatality across the studies. The com-
piled percentage of the AEs (i.e. one or more AE including 
headache, dizziness, nausea, vomiting, diarrhea, and the 
others reported by the investigators) was 69.0% (95% CI: 
48.6–86.2). In addition, the percentage of patients who 
discontinued DAA treatment because of AEs (Supplemen-
tary Table 4) was 3.2% (95% CI: 1.5–5.2). The pooled 
percentage of SAEs, naïve in the onset of acute myocardial 
infarction, chronic obstructive pulmonary disease, epilepsy, 
mania, and others, was 16.2% (95% CI: 10.8–22.4). The 
pooled percentage of HCC was 3.1% (95% CI: 1.5–5.0) 
and that of death was 4.6% (95% CI: 3.1–6.3) in decom-
pensated patients who received DAA therapy, respectively 
(Fig. 6).

In patients who were treated with SOF/VEL±RBV, the re-
ported percentages of AEs, SAEs, HCC, and mortality were 
64.2% (95% CI: 34.0–89.4), 16.2% (95% CI: 7.5–27.3), 
2.9% (95% CI: 0.4–7.3), and 3.8% (95% CI: 1.7–6.5); 
respectively (Supplementary Fig. 8). In patients treated 
with SOF/DCV±RBV, the percentages of AEs, SAEs, HCC, 
and mortality were 62.1% (95% CI: 39.1–82.6), 15.9% 
(95% CI: 8.0–25.7), 2.9% (95% CI: 0.1–8.7), and 6.7% 
(95% CI: 3.9–10.1); respectively. Lastly, the percentages 

of AEs, SAEs, HCC, and mortality in patients treated with 
SOF/LDV±RBV were 77.5% (95% CI: 27.9–100), 20.3% 
(95% CI: 3.6–45.7), 3.6% (95% CI: 0.7–8.2), and 3.8% 
(95% CI: 1.7–6.6); respectively.

Safety profiles of DAAs in decompensated versus 
compensated patients

The difference in incidence of AEs in decompensated and 
compensated patients treated with DAAs [69.0% (95% CI: 
48.6–86.2) vs. 70.8% (95% CI: (30.7–97.8); p=0.93)] 
was not significant. However, patients with decompensat-
ed cirrhosis had a significantly higher frequency of SAEs 
[2% (95% CI: 10.8–22.4) vs. 2.8% (95% CI: 0.9–5.7%); 
p<0.001], incidence of HCC [3.1% (95% CI: 1.5–5.0) vs. 
0.0% (95% CI: 0.0–0.9); p=0.001); and case-fatality rate 
[4.6% (95% CI: 3.1–6.3) vs. 0.5% (95% CI: 0.2–0.); 
p<0.001) on DAA therapy (Supplementary Figs. 9–11, and 
Supplementary Table 5).

Safety analysis in decompensated patients treated 
with or without RBV

To gain a better understanding of the safety profile in de-
compensated patients treated with regimens containing 
RBV, we compared the pooled safety data with those of pa-
tients on DAA therapy without RBV (Fig. 7). Patients who 
were treated with RBV (n=723) had a significantly higher 
frequency of AEs [89.2% (95% CI: 68.1–99.9) vs. 52.9% 
(95% CI: 28.0–77.7); p=0.03] (Supplementary Fig. 12), 
compared with those without RBV treatment (n=418). The 

Fig. 5.  Outcomes of decompensated patients treated with and without RBV. Horizontal bars are 95% confidence intervals (CIs); box size indicates relative 
sample size. (n=36). Two-tailed p-values <0.05 are significant (meta-regression).
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frequency of SAEs in patients treated with RBV (n=721) was 
also significantly higher than that of patients (n=681) who 
were given DAAs without RBV [24.9% (95% CI: 16.3–34.7) 
vs. 12.8% (95% CI: 7.5–19.1); p=0.03] (Supplementary 
Fig. 13). In the meta-regression analysis, the frequencies 
of AEs and SAEs in patients treated with RBV increased by 
33.3% (95% CI: 8.9–57.8) and 11.1% (95% CI: 1.7–23.9), 
respectively. The adverse effects associated with adding 
RBV and extending treatment duration are shown in Sup-
plementary Table 5. There were no significant differences 
(p>0.05) in the frequencies of HCC and case-fatality rates 
between the two treatment methods (Fig. 8). In patients 
treated with SOF/VEL (Supplementary Fig. 14), the fre-
quency of AEs was significantly higher in those with RBV 
than in those without RBV [50.2% (95% CI: 18.9–81.4) 
vs. 91.1% (95% CI: 85.4–95.6); p=0.008). The results are 
consistent with the overall safety profile for patients with 
RBV treatment.

Publication bias

A sensitivity analysis of the effect on the overall results by 
excluding individual studies showed that the pooled SVR 
was not significantly changed by exclusion of any one of the 
33 studies, indicating the robustness of the current analy-
sis. Egger’s funnel plots (Supplementary Fig. 15) showed 
that the meta-analysis had no significant publication bias 
(p=0.83) as the plot of the included studies was symmetri-
cal (Supplementary Fig. 16).

Discussion

SOF-based regimens are recommended by AASLD-IDSA and 
EASL guidelines for the treatment of decompensated cirrhotic 
patients with HCV. Both guidelines suggest SOF/VEL+RBV for 

Fig. 7.  Safety profiles for decompensated patients treated with and without RBV. Horizontal bars are 95% confidence intervals (CIs); box size indicates rela-
tive sample size. (n=36). Two-tailed p-values <0.05 are significant (meta-regression).

Fig. 6.  Pooled safety results of patients with decompensated cirrhosis. Dotted vertical line and diamond show the summary effect (random-effect model); outer 
edge shows 95% confidence intervals (CIs). AEs, adverse reactions; SAEs, serious adverse reactions; HCC, hepatocellular carcinoma.
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12 weeks (preferred) or SOF/VEL without RBV for 24 weeks 
(for RBV contraindications or poor tolerance) for decompen-
sated patients. In addition, the AASLD and IDSA guidelines 
also recommend SOF/LDV+RBV for 12 weeks (preferred) or 
SOF/VEL without RBV for 24 weeks (for RBV contraindications 
or poor tolerance). The recommendations are based on the 
findings of a few pivotal or cohort studies including SOLAR-1, 
SOLAR-2, ASTRAL-4, and HCV-TARGET, and the US chorionic 
hepatitis cohort study.8,41,42,51 However, the meta-analysis 
data was not available when the guidelines were published.

To the best of our knowledge, this study including 33 
RCTs or cohort study data is the first meta-analysis for HCV 
patients with decompensated cirrhosis. We found that SOF-
based regimes in patients with decompensated cirrhosis had 
a 10.1% (95% CI: 6.6–13.6) points lower pooled SVR rate 
than that in patients with compensated disease. However, 
SVR rates in the two groups (compensated vs. decompen-
sated) were similar when patients received SOF/VEL±RBV 
therapy (93.2% vs. 90.3%; p=0.52), which suggests that 
decompensated status did not negatively impact the SVR 
achieved with the SOF/VEL regimen. A subgroup analyses 
confirmed that SOF/VEL±RBV therapy had a significantly 
higher SVR rate (91.0) for decompensated cirrhotic patients 
compared with SOF/LDV±RBV regimens (86.3%, p=0.004), 
or SOF/DCV±RBV (82.4%, p<0.001). The findings further 
support SOF/VEL±RBV as the first-line treatment in this 
subpopulation. Our study provides new evidence to ad-
dress the discrepancy between the EASL and AASLD-IDSA 
guidelines for the use of SOF/LDV±RBV for decompensated 
patients. Most important, the current meta-analysis demon-
strated that adding RBV to SOF/LDV or SOF/VEL regimens 
failed to improve the pooled SVRs, but RBV increased the 
frequency and severity of AEs. Pooled data pointed in the 
direction of using 12 weeks of SOF/VEL for decompensated 
patients without RBV as the optimal regimen. The pooled 
SVR of 359 patients was 91.6. Lastly, our meta-analysis 
showed that decompensated patients on DAAs had a higher 
frequency of SAEs, incidence of HCC, and case-fatality rate 
compared with those of compensated patients. The findings 
further support the guideline approaches of close monitor-
ing during the DAA treatment. In patients who could not 
tolerate VEL for HCV treatment, the alternative might be 
SOF/LDV without ribavirin for 12 weeks or SOF/DCV with 
ribavirin for 24 weeks.

Several study limitations should be discussed. The meta-
analysis did not include the study by Lu et al.52 that was 
cited by EASL guidelines to support the use of RBV combined 
with the SOF/VEL regimen. In that study, the odds ratio of 
SVR in decompensated patients who received SOF/VEL with 
RBV (n=1,135) and without RBV(n=2,996) were 0.48 (95% 

CI: 0.27–0.86) and 0.13 (95% CI: 0.07–0.24), respectively. 
We did not include Lu et al.52 in this meta-analysis because it 
did not report the number of patients who achieved a SVR in 
the regimen we studied, which met the exclusion criteria of 
our study. In their study, patient data were compiled togeth-
er including the first, second, and the third generation of 
DAA treatment for decompensated cirrhotic patients and the 
use of RBV was associated with higher SVR in a multivariate 
model.52 Although the current analysis did not show the en-
hancement of SVR when adding RBV to genotype 3 patients 
with liver decompensation, the number of patients in com-
parison was limited to less than 70 patients. Further meta-
analysis is needed to confirm these findings when more gen-
otype 3 studies are available. Another general concern for 
a meta-analysis is the significant heterogeneity of studies 
included in the meta-analysis. To minimize such impact on 
the analysis, we had performed comparisons of SVRs for the 
subgroups including 12-week therapy vs. 24-week therapy, 
Asian vs. non-Asian patients, and RCT vs. non-RCT studies. 
Based on the subgroup analyses, there were no heterogene-
ity sources in our study. Furthermore, the majority of pub-
lished studies were non-RCTs. We did not assess pooled data 
for RCTs because two RCTs used the SOF/VEL±RBV regimen 
and had relatively small sample sizes. Other possible selec-
tion biases inherit in a meta-analysis design included data 
from studies in different practice settings, patient enrollment 
criteria, or baseline values at enrollment. Finally, most of the 
studies were uncontrolled single-arm studies, which limited 
the ability to draw firm conclusions about the safety and ef-
fectiveness of the protocol. Despite the above limitations, 
the strength of our meta-analysis lies in its exhaustive litera-
ture research, well-defined approach for data selection and 
extraction, comprehensive statistical analyses, reporting in 
accord with PRISMA statements, and no significant evidence 
of publication bias.

In conclusion, our meta-analysis showed that SOF/
VEL±RBV regimens had a significantly higher pooled SVR 
rate (91.0%) for decompensated cirrhotic patients compared 
with SOF/LDV±RBV (86.3%, p=0.004) and SOF/DCV±RBV 
(82.4% p<0.001). In addition, patients treated with SOF/
VEL without RBV for 12 weeks achieved an SVR of 91.5%, 
which was similar to that of SOF/VEL+RBV (90.0). There 
was no data on SOF /VEL±RBV for 24 weeks, and adding 
RBV to SOF-based regimens increased the overall frequency 
of AEs or SAEs, our results suggest that SOF/VEL regimen 
without RBV was the best option in the clinical setting for 
HCV patients with liver decompensation when considering 
the efficacy and the AEs. Our findings have very important 
clinical implications that may serve as the evidence base for 
selecting SOF/VEL as the first-line treatment without RBV 

Fig. 8.  Safety profiles for decompensated and compensated patients treated with and without RBV. Horizontal bars are 95% confidence intervals (CIs); box 
size indicates relative sample size. (n=36). Two-tailed p-values <0.05 are significant (meta-regression).
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and potentially change future guidelines or the standard of 
clinical practice. SOF/LDV should be avoided because of the 
inferior efficacy in decompensated patients when compared 
with SOF/VEL. In patients who must be treated with SOF/
LDV (n=36), it was not clear whether 24 weeks of therapy 
had a significantly higher SVR rate than that achieved with 
12 weeks of therapy (n=50) because of the relatively small 
sample size. However, adding RBV had no significant impact 
on the SVR with either 12 or 24 weeks of SOF/LDV therapy. 
Our analysis also highlighted the need for future studies in 
decompensated patients who failed SOF/VEL (about 10) as 
the SVR rates were significantly lower in decompensated 
patients than in noncirrhotic patients.
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